The role of vitamin D receptor gene polymorphisms in the susceptibility to prostate cancer of a southern European population Received: March 13, 2002 / Accepted: March 25, 2002 indicate that environmental factors may account for the risk of PCa (Hanchete and Schwartz 1992; Chan et al. 1998; Ekmam 1999; Lichtenstein et al. 2000; Luscombe et al. 2001a) . A relationship between ultraviolet (UV) radiation, vitamin D, and PCa risk has been suggested on the basis of some epidemiological evidence (Schwartz and Hylka 1990) . A strong relationship has been reported between higher serum levels of 1,25-dihydroxyvitamin D 3 [1,25(OH)2 D 3 )], the active hormonal form of vitamin D, and decreased risk of developing PCa (Corder et al. 1993) . Furthermore, it has been demonstrated that vitamin D has inhibitory effects on tumor cell proliferation and prodifferentiation effects, and it influences tumor spread (Studzinski and Moore 1995; Haussler et al. 1998; McCarty et al. 2000) . Antiproliferative effects of 1,25(OH)2 D 3 require the expression of the nuclear vitamin D receptor (VDR) (Hedlund et al. 1996a) .
The gene encoding VDR has two sets of polymorphisms, one at the 3Ј end of the gene involving a series of polymorphic sites (Morrison et al. 1994) , and the other at the 5Ј end of the gene affecting the start codon (Gross et al. 1996) . Certain alleles of the VDR gene are associated with increased VDR activity and higher serum vitamin D levels (Morrison et al. 1994) . Epidemiological studies trying to find an association between VDR polymorphisms and the genetic susceptibility to PCa show controversial results (Taylor et al. 1996; Kibel et al. 1998; Correa-Cerro et al. 1999; Watanabe et al. 1999; Blazer et al. 2000; Bousema et al. 2000; Habuchi et al. 2000; Chokkalingam et al. 2001; Luscombe et al. 2001b ). This may be due to the complexity of mechanisms that influence the vitamin D pathway. The contribution of vitamin D to the risk of PCa may depend on the population studied, as well as on several environmental and diet factors that influence that population. Therefore, we hypothesize that each population has to evaluate its own genetic profile of cancer risk; that may help us to understand the geographic and racial differences reported for PCa incidence and mortality. The world's highest incidence rates are found in the United States and Scandinavian countries and the lowest incidence rates are found in China and Japan. (Parkin 1998) . Black Americans have a marked increased risk of
Introduction
The mechanisms involved in the carcinogenesis of prostate cancer (PCa) are not well understood. Epidemiological data developing PCa (Morton 1994) and have the highest incidence rates. In European countries, the PCa incidence rates are very high in northern and western Europe, and lower in southern Europe (Parkin 1998; Ferlay et al. 1999; Levi et al. 2000) . Populations of southern Europe are usually of darker complexion, are exposed to higher levels of sun irradiation, and have different diets (compared with northern Europe populations). Taylor et al. (1996) found a three-fold increase in prostate cancer risk associated with the less active vitamin D allele (the T allele from VDR TaqI polymorphism at codon 352) in a Caucasian American population. The role of VDR genotypes in the susceptibility to prostate cancer has not yet been studied in populations of southern Europe. Considering that prostate cancer is a complex, multifactorial disease with genetic and environmental factors involved in its etiology and that the influence of some factors may differ according to race and geographic localization, we determined VDR TaqI genotypes in Portuguese prostate cancer cases and controls, thereby focusing on a southern European population.
Subjects and methods

Study population
Consecutive patients (n ϭ 163) with histologically verified PCa were enrolled in our study between January 1998 and December 1999 with the Department of Urology in the Portuguese Institute of Oncology in Porto, Portugal.
All patients were at time of diagnosis. The age at diagnosis ranged from 45 to 86 years, with a median age of 66 years. Clinical characteristics, including Gleason grade (Gleason 1990) , prostate-specific antigen (PSA), tumor stage, and age at diagnosis were obtained from medical records. Seventy-three (58.4%) cases had localized prostate disease, and 52 (41.6%) had advanced disease (T3/T4: defined as a tumor invading and extending beyond the prostate capsule and/or extending into adjacent tissue or involving regional lymph nodes or distant metastatic sites). All samples were obtained with the informed consent of the participants before their inclusion in the study. The control group consisted of 211 healthy individuals with no evidence of neoplastic disease and age matched for the same age interval as the PCa group. This control group (median: 64 years; range: 41 to 84 years) was recruited from the Institute's blood donors' bank, or from cancer-free male attendants with normal levels of serum PSA at routine clinical checkup. All participants were Caucasians living in the Porto district. Approximately 8 ml of venous blood were obtained with a standard venipuncture technique using ethylenediaminetetracetate-containing tubes. DNA was extracted from the white blood cell fraction from each study subject using a salting-out protocol (Miller et al. 1988 ).
Genotyping of VDR TaqI polymorphism by polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP)
VDR TaqI genotype was determined by a PCR-based methodology as previously described (Hutchinson et al. 2000) . The polymorphic site was amplified by use of a forward primer (5Ј-CAG AGC ATG GAC AGG GAG CAA G-3Ј) and a reverse primer (5Ј-CGG CAG CGG ATG TAC GTC TGC AG-3Ј). The cycling conditions were 94°C for 5 min, followed by 35 cycles at 94°C for 1 min, 60°C for 1 min, and 72°C for 40 s, with a final cycle at 72°C for 10 min. A 10-µl aliquot was digested with 1.5 units of TaqI restriction enzyme at 65°C for 20 h and then separated on a 1.5% agarose gel (Fig. 1) . The three possible genotypes were defined by three distinct banding patterns: TT (345 bp), Tt (345 bp, 260 bp), and tt (260 bp).
Statistical analysis
Analysis of data was performed using the computer software SPSS for Windows (Version 7.5) and Epi Info (Version 6.04a). Chi-square analysis was used to compare categorical variables. A 5% level of significance was used in the analysis. The observed number of each genotype was compared with that expected for a population in the HardyWeinberg equilibrium using a 2 test. For statistical analysis we rejected one case because it was not Caucasian and six controls because their age was under 45 years. We stratified the analysis according to Gleason grade, disease status, age at diagnosis (median age: 66 years), and risk of disease progression, whereby high risk was defined as either high Fig. 1 . Detection of vitamin D receptor gene polymorphisms, from genornic DNA. After amplification, polymerase chain reaction products were digested with the restriction enzyme Taq I, and the Taq I wild-type (T) and variant (t) alleles were detected after electrophoresis in agarosis gel. The T allele was refractory to digestion (345 bp), whereas fragments of 260 bp and 85 bp identified the t allele: genotypes tt (lane 1), Tt (lanes 3, 5, 7, and 8), and TT (lanes 2, 4, and 6) grade (Gleason Ն 7) or advanced clinical stage (T3 and T4) and low-risk cases were defined as both low grade and early stage. This type of stratified analysis has been suggested before (Pisansky et al. 1997; George et al. 2001) . The odds ratio (OR) and its 95% confidence interval (CI) was calculated as a measure of the association between VDR genotypes and prostate cancer risk. Multivariate logistic regression analysis was used to calculate the adjusted OR and 95% CI for the influence of VDR genotypes in the risk of prostate cancer, with adjustment for age.
We calculated the attributable proportion (AP), according to that previously reported by Schiffman et al. (1993) , using the following formula: AP ϭ PRF ϫ (1 Ϫ 1/aOR). The attributable proportion (AP) is the fraction of disease attributable to the risk factor, PRF is the percentage of the risk factor in case subjects, and aOR is the adjusted odds ratio.
Results
The distribution of VDR TaqI genotypes among cases and controls and risk of cancer of the prostate because of the VDR polymorphism are shown in Table 1 . The frequency of TT, Tt, and tt genotypes was 35.4%, 44.7%, and 19.9% in normal controls and 32.1%, 56.2%, and 11.7% in PCa cases, respectively. The observed genotype distributions in the groups did not differ from those that would be expected from the Hardy-Weinberg equilibrium (P ϭ 0.282 for cases and P ϭ 0.394 for controls). We observed that the T allele (genotypes TT and Tt) was overrepresented in PCa patients (OR ϭ 1.87, 95% CI 1.02-3.37; P ϭ 0.035). When we stratified the analysis further according to median age (men older than 66 years vs men younger than 66 years), we observed that, for the group of men older than 66 years carrying a T-allele genotype, there is a statistically significant increase of PCa risk (OR ϭ 2.35, 95% CI 1.05-5.27; P ϭ 0.034). Multivariate logistic regression analysis confirmed this association of T-allele VDR genotypes with PCa risk (OR ϭ 2.11, 95% CI 1.15-3.88; P ϭ 0.015) and, in particular, the association with the onset of PCa in men older than 66 years (OR ϭ 2.36, 95% CI 1.05-5.29; P ϭ 0.036). No statistical significance was observed regarding the association of VDR Taq1 genotypes and tumor grade (Gleason Ͻ 7 vs Gleason ϭ 7, P ϭ 0.260), disease status (advanced vs localized, P ϭ 0.411), and the risk of disease progression (high risk vs low risk, P ϭ 0.429), as shown in Table 2 .
The comparison of our results for VDR genotype frequencies with reported frequencies for other populations is shown in Table 3 . For the entire case group, the proportion of PCa cases attributable (attributable proportion) to the Tallele genotypes was 44.0%. Morever, for patients older than 66 years, 50.2% of all cases could be attributed to the influence of this risk factor.
Discussion
Environmental, geographical, and racial factors have been demonstrated to be important in prostate cancer risk. The geographical distribution of prostate cancer mortality in the United States has been interpreted as supporting the hypothesis that low levels of vitamin D are related to sunlight exposure and may increase cancer risk (Hanchete and Schwartz 1992 ). This idea is further supported by analysis of vitamin D metabolites in sera stored before diagnosis for prostate cancer cases and controls (Corder et al. 1993 ; Ahonen et al. 2000) and by the analysis of the expression patterns of vitamin D in human prostate (Krill et al. 2001 ). It has also been shown that the antiproliferative effects of 1,25(OH)2 D 3 require the expression of the nuclear VDR (Hedlund et al. 1996a ). 1,25(OH)2 D 3 is capable of acting through both nongenomic signalling pathways involving a membrane-associated receptor and genomic pathways involving the nuclear VDR (Hedlund et al. 1996b ). The most active vitamin D metabolite, 1 alpha, 25-dihydroxyvitamin D 3 [1,25(OH)2 D 3 ], was also shown to increase the expression of PSA, a differentiation marker, in prostate cells (Miller et al. 1992; Skowronski et al. 1993 ).
The VDR belongs to the steroid and thyroid hormone receptor family of ligand-activated transcription factors (Tuohimaa et al. 2001) . Nuclear receptor superfamily comprise a large group of transcription factors, the functions of which, in many cases, are regulated by small, lipophilic hormonal ligands that include steroids, retinoids, vitamin D, and thyroid hormone. The gene encoding VDR is located on chromosome 12cen-q12 (Taymans et al. 1999) , contains 14 exons, and spans ϳ75 kb of genomic DNA (Miyamoto et al. 1997; Crofts et al. 1998 ). The VDR gene has two sets of polymorphisms, one at the 3Ј end of the gene involving a series of polymorphic sites (Morrison et al. 1994) and the other at the 5Ј end of the gene affecting the start codon (Gross et al. 1996) . The 3Ј polymorphisms are defined by the enzymes BsmI, ApaI, and TaqI, and a poly-A microsatellite, all of which are in linkage disequilibrium (Peehl 1999) . Although neither the TaqI RFLP in exon 9 nor the linked BsmI and ApaI RFLPs in intron 8 are known to have functional consequences themselves, these sequence polymorphisms have been shown to be associated with varying levels of the circulating VDR ligand 1,25-D (Morrison 1994) . Significant higher serum levels of 1,25(OH)2 D 3 have been reported in people who are homozygous for the t allele relative to those who are heterozygous or homozygous for the T allele (Morrison et al. 1994) . Taylor et al. (1996) found a three-fold increase in prostate cancer risk associated with the less active vitamin D allele (the T allele from the VDR TaqI polymorphism at codon 352) and Ingles et al. (1997) found a relative risk of 4.6 of developing prostate cancer for carriers of the L VDR poly-A allele. However, controversial results have been reported about the role of VDR polymorphisms in prostate cancer susceptibility in different populations (Kibel et al. 1998; CorreaCerro et al. 1999; Watanabe et al. 1999; Blazer et al. 2000; Bousema et al. 2000; Habuchi et al. 2000; Chokkalingam et al. 2001; Luscombe et al. 2001; Schatzl et al. 2001) .
The worldwide incidence of clinical PCa shows strong age, race, and geographical dependence, being diagnosed in older men and African Americans being at high risk and Asians being at low risk. Interestingly, the photoconversion of 7-dehydrocholesterol to 1,25(OH)2 D 3 is inversely proportional to the degree of skin pigmentation (Clemens et al. 1982) . In Europe, a north-south difference is evidenced by annual incidence rates, with the highest incidence in Scandinavian countries. For instance, the age-standardized incidence for Finland and Sweden (68.46 and 63.58 per 100 000, respectively) is three-fold higher than it is in Italy, Spain, and Greece (23.55, 22.50, and 18 .91 per 100 000, respectively) and almost two-fold higher when compared with Portugal (34.70 per 100 000) (Ferlay et al. 1999) .
Our results are in agreement with the hypothesis that VDR genotypes may have a role in PCa risk for some populations and this risk may be influenced by several intrinsic and extrinsic factors that are characteristic of each population in each geographic localization. Results from our study also show that the influence of the T allele of VDR genotypes in cancer susceptibility is more important for older patients. This influence is consistent with the information that the elderly are frequently vitamin D-deficient because of less exposure to UV radiation and a decline in the ability to synthesize 1,25(OH)2 D 3 with age (Peehl 1999) . Therefore, carriers of the T allele who already have lower blood circulation of vitamin D might be at a higher risk of developing PCa.
When we compared our results with the reported VDR genotype frequencies in normal control subjects (Table 3) from different populations, we observed that our population has a similar pattern to other European or American Caucasian populations. Interestingly, the frequency of our risk of T allele is higher for the Japanese populations when compared with our control population (P Ͻ 0.001). A possible explanation for this intriguing conclusion may be that different genetic risk factors for the Japanese population must be taken into account and that Japanese men are considered to be much less influenced by environmental risk factors for PCa (Oishi et al. 1995; Habuchi et al. 2000) . Furthermore, diet has also been proposed as a risk factor to PCa, and the low risk for indigenous Japanese people has been related to traditional diet. This diet, among other attributes, is rich in oily fish, which are an important dietary source of vitamin D (Peehl 1999) . Therefore, this factor would neutralize the relevance of VDR genotypes on the determination of genetic risk of PCa. Importantly, cancer susceptibility is associated with an interaction between host predisposition and exposure. We hypothesized that the contribution of VDR genotypes in prostate cancer susceptibility may depend upon the population studied and its geographic localization.
